SUPPORT STRUCTURE FOR ABDOMINAL LIFT FIELD OF THE INVENTION
This invention relates generally to surgical instru ments and, more particularly, to a support structure for supporting an abdominal lift for use in laparoscopic Surgery.
BACKGROUND OF THE INVENTION
Laparoscopic surgical procedures have been around for many years and have recently have become more available due to advances in technology relating to the laparoscope or video imaging system. They are much less intrusive to the patient than typical open surgical procedures. While an open surgical procedure may involve one primary incision that is at least 6-9 centime ters long, a laparoscopic procedure typically uses smaller incisions, each only around 5-11 millimeters in length. In open surgery, the surgeon cuts muscle. In laparoscopic surgery, the surgeon generally does not cut muscle. Because they are less intrusive than open surgical procedures, laparoscopic procedures have re sulted in much shorter surgical procedures and recov ery times.
Laparoscopic procedures have typically involved insufflation of the abdominal or peritoneal cavity with carbon dioxide and/or other gases in order to create a pneumoperitoneum. The pneumoperitoneum estab lishes an open space inside the peritoneal cavity to en able the surgeon to move the laparoscope around and see inside.
Typically, the pneumoperitoneum is established by puncturing the abdominal wall with a Veress needle and injecting gas from an insufflator through the Veress needle to a pressure of around 12 mm Hg.
After insufflation, a trocar is advanced through the opening in the abdominal wall and into the peritoneal cavity. The trocar is a tube or cannula that usually has a gaseous seal to contain the carbon dioxide within the peritoneal cavity and maintain insufflation. The cannula is used for insertion of other medical instruments, such as a laparoscope, therethrough and into the peritoneal cavity.
There may be difficulties associated with insufflation of the peritoneal cavity. First and foremost is postopera tive pain which patients may experience in the abdomen or shoulder area due to migrating gas. This occurs when insufflation causes excess gas pressure in the peritoneal cavity. Excess gas pressure may also compress the pleu ral cavities thus making respiration difficult. Other pos sible difficulties associated with insufflation in laparo scopic surgery include subcutaneous emphysema, blood vessel penetration, etc.
The attendant difficulties of insufflation have led to alternatives to insufflation wherein a pneumoperito neum is established by elevating the abdominal wall with a mechanical lift. The lift is introduced percutane ously into the peritoneal cavity before establishing a pneumoperitoneum. The lift is elevated mechanically in order to distend the abdomen. When the abdomen is distended, ambient air enters the peritoneum through the puncture opening in the abdomen and a pneumoper itoneum at or near ambient air pressure is established.
By establishing a pneumoperitoneum at ambient air pressure, insufflation and the concomitant need for gas eous seals in endoscopic instruments and trocars for maintaining a relatively high gas pressure in the perito The adjustment capabilities of these prior art devices are limited. It would be desirable to provide a support structure for holding an abdominal lift in an elevated position that is mechanically operable by the surgeon at the operating room table and has a variety of position adjustments. It would be desirable to provide a mechan ical lift adjustment having both gross and fine adjust ment capabilities and can be adjusted for left or right handed operation. Also, it would be desirable to pro vide a latch mechanism associated with the lift mecha nism wherein a leg assembly of the support structure automatically engages a base in order to fix the height of the abdominal lift.
SUMMARY OF THE INVENTION
The support structure for holding an abdominal lift in accordance with the invention is mechanically operable by the surgeon at an operating room table and has a variety of position adjustments. It has a mechanical lift adjustment for both gross and fine adjustment which can be adjusted for left or right-handed operation.
The support structure is detachably and slidably at tachable to an operating room table. It includes a sup port bracket that attaches to the side rails of an operat ing room table. In an alternative aspect of the invention, an end rail is provided for attachment to the side rails of an operating room table and the support bracket is de tachably and slidably connectable to the end rail. Thus, the support structure can be positioned at the end of an operating room table. 5, 415, 159 3. An upstanding leg assembly is rotatably and slidably attached to the support bracket. An arm assembly is rotatably and slidably connected to the leg assembly. The distal end of the arm assembly has a holding por tion for holding an abdominal lift.
The leg assembly includes a gear rack member which is engageable with a gear member. The gear member is held by a gear brace that is connected to the support bracket. The gear member ratchets for vertical adjust ment of the leg assembly. The gear rack member is movable between an en gaged position wherein the gear rack member is en gaged with the gear member and a disengaged position wherein the gear rack member is disengaged from the gear member. When the gear rack member and gear member are engaged, then the leg assembly is prevented from sliding downwardly relative to the support bracket. When the gear rack member is disengaged from the gear member, the leg assembly slides freely relative to the support bracket for gross vertical adjust ment.
A spring biases the gear rack member toward the engaged position. Thus, the gear rack member is auto matically engaged with the gear member.
The gear rack member is movable within a gear jacket inside the leg assembly. The jacket has a pin that coacts with a cam portion on the gear rack member in order to move the gear rack member between the en gaged position and disengaged position.
The gear brace is rotatable relative to the support bracket whereby the gear brace and gear member can be adjusted for either left or right-handed operation.
In an alternative aspect of the invention, the holding portion of the arm assembly includes a force measuring gauge for monitoring and controlling the lift force on the surgical device being held by the support structure.
These and other aspects and attributes of the present invention will be discussed with reference to the follow ing drawings and accompanying specification. The following is a detailed description of the inven tion. The detailed description is not intended to be an exhaustive description of all embodiments within the scope of the invention and is not intended to limit the scope of the claims to the disclosed embodiments. Other embodiments within the scope of the claims will be apparent to those skilled in the art.
Referring to FIG. 1 Referring to FIGS. 4 and 5, the arm assembly 26 includes a holding portion 40. The holding portion 40 has a detachable tip 42 which is inserted into a shaft 44. A clip 46 is used to fasten the tip 42 to the shaft 44. The shaft 44 has an end cap 48. The shaft 44 is rotatably held by a collar 50 that is inserted into a slotted retaining member 52 that fits within the distal end of arm portion 54 A tightening knob 56 is threaded into the collar 50 in order to tighten down and hold the shaft 44 within the collar 50. A tightening knob 58 is insertable into the arm portion 54 in order to tighten down and hold the slotted retaining member 52 within the arm portion 54.
The arm portion 54 extends upwardly from the leg assembly 28. The arm portion 54 is bent in two places at 45' angles. Thus, the distal end of the arm portion 54 is oriented at a 90° angle relative to the proximal end of the arm portion 54 and the distal end of the arm portion 54 extends horizontally.
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The bottom of the arm assembly 26 is connected to the top of the leg assembly 28 (FIGS. 4 and 5). The bottom of the arm portion 54 has a collar 60 that re ceives an upwardly extending tube 62 that is part of the leg assembly 28. As shown in FIG. 6 , the upper end of 5 the tube 62 is slidably inserted between the collar 60 and the arm portion 54 and abuts the collar 60. A tightening knob 64 is threaded into the collar 60 in order to tighten down on and hold the tube 62. When the tightening knob 64 is loosened, the arm portion 54 may be rotated relative to the tube 62 in order to rotate the arm assem bly 26 relative to the leg assembly 28.
Referring to FIGS. 5 and 6, a gear rack 66 extends within the tube 62. A horizontal slot 70 in the gear rack 66 receives a pin 68 extending across the diameter of the tube 62 at its bottom end. The pin 68 and slot 70 cooper ate to restrict vertical motion and permit horizontal motion of the gear rack 66 relative to the tube 62. Thus, when the gear rack 66 is raised by the gear 72 as dis cussed below, the tube 62 and entire leg assembly 28 are carried with it.
Referring to FIGS. 4-6, the gear rack 66 is actuated by a gear assembly 71. The gear assembly 71 includes a gear 72 and crank 76 rotatably mounted on a gear brace 74. A spring loaded pawl 78 on the crank 76 and a spring loaded ratchet 80 on the gear brace 74 cooperate with the gear 72 in order to crank the gear 72 clockwise and prevent counter-clockwise rotation.
As shown in FIG. 6 , the gear 72 extends through a slot 84 in the tube 62 and engages the gear rack 66. By rotating the crank 76 clockwise, the gear 72 is rotated clockwise and the gear rack 66 is ratcheted in an up ward direction. Thus, the gear assembly 71 functions as a lift mechanism that lifts the leg assembly 28 and pro vides a fine height adjustment.
Referring to FIGS. 4 and 5, the leg assembly 28 is slidably contained within a tubular member or can 86.
The can 86 is contained between two swivel rings 88 and 90 which are welded to the support bracket 32. The gear brace 74 is welded to the can 86. Thus, the gear 72, gear brace 74, can 86, swivel rings 88 and 90 and sup port bracket 32 are connected together and form a base assembly 30 which receives the leg assembly 28.
The swivel rings 88 and 90 permit the can 86 to rotate relative to the support bracket 32. The can 86 defines a slot 82 that permits the gear 72 to extend through to engage the gear rack. 66 inside the leg assembly 28. When the gear assembly 71 is rotated from a right in FIG. 7 . When the gear rack 66 is engaged with the gear 72, the leg assembly 28 cannot move downwardly because the gear 72 is re stricted by the pawl 80. Thus, the gear rack 66 functions as a latch mechanism for latching the leg assembly 28 to the base assembly 30 and preventing downward move ment of the leg assembly 28. When the gear rack 66 is disengaged, then the leg assembly 28 is released and free to move upwardly or downwardly relative to the base assembly 30 for gross height adjustment. Referring to FIGS. 5 and 6, a spring 108 extending from the bottom of the jacket 100 to the tube 62 biases the jacket 100 to a lowered position relative to the tube 62 wherein the gear rack 66 is engaged with the gear 72. Thus, when the adjust collar 102 is released after having been manually lifted for gross vertical adjustment of the leg assembly 28, the gear jacket 100 snaps downwardly and the gear rack 66 and gear 72 are immediately and automatically engaged.
Referring to FIGS. 4 and 5, a handgrip 110 and lift wire 112 may be provided on the arm portion 54 for lifting the adjust collar 102. The lift wire 112 extends downwardly and wraps around the tube 62 underneath the adjust collar 102. When the handgrip 110 is squeezed and pulled upwardly, it raises the lift wire 112 which in turn raises the adjust collar 102. Thus, the handgrip 110 can be operated with one hand to disen gage the gear rack 66 and gear 72 for gross vertical adjustment of the leg assembly 28.
Referring to FIG. 8 , an alternative holding portion 114 may optionally include a force measuring gauge 116 that is calibrated to show the lifting force being applied to a surgical device 22 that is suspended from the hold ing portion 114. Preferably, the force measuring gauge is either a conventional strain gauge, piezoelectric gauge or semi-conductor strain gauge. For use in sup porting an abdominal lift, the gauge is preferably cali brated to show lifting forces in the range of 0 to 25 pounds. The lift force is preferably displayed on the holding portion 114. As shown in FIG. 8 , there are two windows 120 wherein one window is a conventional bar graph display of relative force and the other window is a conventional numerical display of force in pounds, kilograms, etc.
During use as shown in FIGS. 1 and 2, the support structure 10 may be used in a variety of surgical applica tions. In particular, the support structure may be used to support an abdominal lift 22 during endoscopic surgery. Fine adjustment of the elevation of the abdominal lift may be accomplished by ratcheting the support struc ture 10 upwardly. For gross adjustment, the adjust collar 102 is lifted to disengage the gear rack from the gear and permit the entire support structure to be manu ally raised and lowered. a gear member rotatably connected to said gear brace, said gear member being selectively engage able with said gear rack member; a ratchet mechanism engageable with said gear mem ber for controlling the rotation of said gear mem ber; and an arm assembly extending from said leg assembly for holding a surgical instrument. 2. A surgical instrument support structure in accor dance with claim 1 including a crank engageable with said gear member for rotation thereof.
3. A surgical instrument support structure in accor dance with claim 2 wherein said crank includes a pawl that is engageable with said gear member.
4. A surgical instrument support structure in accor dance with claim 1 wherein said arm assembly is rotat able relative to said leg assembly. 5. A surgical instrument support structure in accor dance with claim 1 wherein said gear rack member is movable between an engaged position wherein said gear rack member is engaged with said gear member and a disengaged position wherein said gear rack mem ber is disengaged from said gear member. 6. A surgical instrument support structure in accor dance with claim 5 including a jacket member extend ing longitudinally adjacent said gear rack member.
7. A surgical instrument support structure in accor dance with claim 6 wherein said jacket member has at least one pin and said gear rack member has at least one cam portion that coacts with said pin. 8. A surgical instrument support structure in accor dance with claim 5 including an external adjustment collar connected to said gear rack member for moving said gear rack member between said engaged position and said disengaged position. 9. A support structure in accordance with claim 8 including an adjustment handgrip that is connected to said adjustment collar.
10. A support structure in accordance with claim 9 wherein said handgrip is configured for one-handed operation.
11. A surgical instrument support structure compris 1ng:
a support bracket; an elongated leg assembly slidably connected to said support bracket for longitudinal movement with respect thereto, said leg assembly including a gear rack member; a gear brace connected to said support bracket; a gear member rotatably connected to said gear brace, said gear member being selectively engage able with said gear rack member, said gear rack member being movable between an engaged posi tion wherein said gear rack member is engaged with said gear member and a disengaged position wherein said gear rack member is disengaged from said gear member; said gear rack member, said jacket member having at least one pin and said gear rack member having at least one can portion that coacts with said pin; a ratchet mechanism engageable with said gear mem ber for controlling the rotation of said gear mem ber; and an arm assembly extending from said leg assembly for holding a surgical instrument.
12. A surgical instrument support structure in accor dance with claim 11 wherein said pin is movable rela tive to said cam portion between an engaged position wherein said gear rack member is engaged with said gear member and a disengaged position wherein said gear rack is disengaged from said gear.
13. A surgical instrument support structure compris ing: a support bracket; an upwardly extending leg assembly having a longitu dinal axial and slidably connected to said support bracket, said leg assembly being selectively mov able between a raised position and a lowered posi tion;
a gear assembly connected to said support bracket, said gear assembly being rotatable about said longi tudinal axis of said leg assembly, gear assembly including a gear member that is engageable with said leg assembly for Selective movement of said leg assembly between said raised position and said lowered position; and an arm assembly extending from said leg assembly, said arm assembly including a holding portion for holding a surgical instrument.
14. A surgical instrument support structure in accor dance with claim 13 wherein said support bracket is detachably connectable to an operating room bed side rail.
15. A surgical instrument support structure in accor dance with claim 14 including an end rail that is con nectable to an operating room bed, said support bracket being detachably connectable to said end rail.
16. A surgical instrument support structure in accor dance with claim 13 wherein said leg assembly includes a gear rack member that is engageable with said gear member.
17. A surgical instrument support structure in accor dance with claim 16 wherein said gear rack member is movable between an engaged position and a disengaged position. 18. A surgical instrument support structure in accor dance with claim 17 including a jacket extending longi tudinally adjacent said gear rack.
19. A surgical instrument support structure in accor dance with claim 18 wherein said jacket has at least one pin and said gear rack member has at least one cam portion that is engageable with said pin. 20. A surgical instrument support structure in accor dance with claim 19 wherein said pin is movable rela tive to said can portion between an engaged position wherein said gear rack member is engaged with said gear member and a disengaged position wherein said gear rack member is disengaged with said gear member.
21. A surgical instrument support structure in accor dance with claim 13 wherein said gear assembly in cludes a ratcheting crank mechanism for adjusting said movement of said leg assembly. an upwardly extending leg assembly slidably con nected to said support bracket, said leg assembly being selectively movable between a raised posi tion and a lowered position; a gear assembly connected to said support bracket, said gear assembly including a gear member that is engageable with said leg assembly for selective movement of said leg assembly between said raised position and said lowered position, said leg assem bly including a gear rack member that is engage able with said gear member, said gear rack member being movable between an engaged position and a disengaged position; a jacket extending longitudinally adjacent said gear rack, said jacket having at least one pin and said gear rack member having at least one cam portion that is engageable with said pin; and 10 an arm assembly extending from said leg assembly, said arm assembly including a holding portion for holding a surgical instrument. 24. A surgical instrument support structure, compris an upwardly extending leg assembly slidably con nected to said support bracket, said leg assembly including a gear rack member that is selectively movable between a raised position and a lowered position; a gear assembly connected to said support bracket, said gear assembly including a rotatably mounted gear member that is engageable with said gear rack member for selective movement of said leg assen bly between said raised position and said lowered position, said gear rack member being selectively movable between a position in engagement with said gear member and a position in disengagement with said gear member, said gear rack member being spring biased toward a position in engage ment with said gear member; and an arm assembly extending from said leg assembly, said arm assembly including a holding portion for holding a surgical instrument.
